ABSTRACT. The purpose of the study was to evaluate the near infrared spectroscopy technique for determination of the cerebral venous oxygen saturation. By tilting the patient's head down 15", changes in OD may be caused by changes in cerebral blood volume. On the assumption that increases in cerebral blood volume consist of venous blood only, cerebral venous oxygen saturation can be calculated as the measured change in oxygenated H b divided by the change in total Hb. Two groups of mechanically ventilated, newborn infants were investigated: 10 asphyxiated, term infants and another 22 preterm infants with respiratory distress syndrome. All were monitored by near infrared spectroscopy during tilting, and cerebral blood flow was estimated by the 133Xe clearance technique immediately before tilting. Cerebral venous oxygen saturation could not be calculated in 13 preterm infants, as the blood volume remained constant during tilting. In the remaining 19, : 52-55,1993) 
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In at least two situations, it would be valuable to have information on CSv02 in the sick, newborn infant. Very low levels of CBF have been found among mechanically ventilated, preterm infants, and these infants may be at high risk of ischemic brain lesions (1). When CBF is low, however, the brain may escape from ischemia by enhancing the OE from the blood, resulting in low CSv02 values. Conversely, CBF is markedly elevated after severe birth asphyxia (2). In this hyperperfusion state, a high CSv02 would represent "luxury perfusion," indicating serious brain damage (3), whereas a normal CSv02 might demonstrate an intact coupling between CBF and the metabolic needs.
It is not practical to sample cerebral venous blood, e.g. from the internal jugular vein, in view of the invasive nature of the technique (4). Recently, it has been suggested that the cerebral venous oxygen content can be estimated noninvasively by NIRS (5).
The purpose of this study was to evaluate whether the estimated CSv02 was related to the simultaneously measured CBF.
MATERIALS AND METHODS
Patients. Two groups of mechanically ventilated, newborn infants were investigated: 10 asphyxiated, term infants with umbilical cord pH less than 7.10 and/or a 5-min Apgar score less than 5 and another 22 preterm infants with respiratory distress syndrome (Table 1) .
NIRS. NIRS depends on the relative transparency of the neonate's head to near infrared light. The light is attenuated by scattering and absorption in the tissues. Our NIRS instrument (Radiometer, Copenhagen, Denmark) uses four semiconductor laser diodes with wavelengths of 775, 805, 845, and 904 nm. The lasers are operated sequentially and pulsed for 200 ns with a repetition rate of 500 Hz. Optical fiber bundles are used to transmit and receive the light (6, 7) . In the present study, the NIRS recordings were performed in transmission mode in lowbirth-weight infants, whereas larger infants were investigated in reflection mode. In both modes, the relation between optical path length and interoptode spacing appears to be constant, as recently observed in time-of-flight studies (8) . The calculation of CSv02 does not require any information on the optical path length, as CSv02 is expressed in fractions. Conversely, the optical path length must be known for the calculation of changes in CBV (Table 1 ). Significant changes in CBV were required for estimation of CSv02, and CBV was calculated as previously suggested (9) . We assumed that the optical light path length is 4.4 x the interoptode distance (10) .
Estimation of CSv02. CSv02 was estimated by tilting the infant head-down 15". The acute alterations in the cerebral concentration of Hb02 and deoxy-Hb that result from tilting may be assumed to be caused by an increase in venous blood only. By comparing the incremental changes in Hb02 and deoxy-Hb, CSv02 can be calculated from the formula:
where CSv02 is expressed as a fraction. CSv02 was derived from stable 90-s periods before and during tilting. CBF. CBF was measured by the '33Xe clearance technique, as previously described (1 I). Briefly, 20-40 MBq/kg 133Xe were injected into a peripheral vein, and the clearance was recorded by scintillation detectors placed over one frontoparietal region and the thorax, respectively. A recording time of 15 min was used. CBF was calculated from the time when the activity of mMxcm mmHg '33Xe in the lung had decreased to 15% of the ~e a k activitv. COD was calculated as the product of physically dissolved and Hb-bound 0 2 and CBF:
x CBF mL 0 2 1 100 g/min Sa02 was measured by pulse oximetry (Datex, Helsinki, Finland). MABP was recorded from an indwelling umbilical catheter, and the transducer was kept at heart level.
Study design. CBF and CSv02 were measured after the infant had been undisturbed for at least 30 min. At the end of the CBF measurement, the infant was tilted head-down for a 3-min period and he or she was subsequently returned to horizontal level. Arterial blood was drawn for analysis of blood gases (ABL, Radiometer), Hb concentration, and oxygen saturation (OSM3, Radiometer). It was assumed that CBF and oxygen consumption remained constant during the tilting maneuver.
Statistics. Linear regression analysis and analysis of variance were used when appropriate. Multiple comparisons between groups were performed by the Student-Newman-Keuls procedure.
The study was approved by the Ethics Committee for Greater Copenhagen, and parental informed consent was obtained for each infant.
RESULTS

Response to tilting.
A marked and significant increment in CBV in response to tilting was observed in 19 infants. However, in 13 of the 22 preterm infants, CBV did not respond significantly during the procedure. Apparently, these nonreacting preterm infants required lower ventilatory rates compared with the nine reacting preterm infants, whereas other parameters were identical (Table 1 ). The nonreacting infants were excluded from the following calculations.
In reacting infants, the response to tilting appeared within 15 t o 20 s with an increase in Hb02, and deoxy-Hb, and hence in CBV. These variables returned to baseline levels when the infant was returned to the horizontal position (Fig. 1) . The increase in CBV was identical in asphyxiated, term infants and preterm infants (Table I) , and these changes were not statistically related t o changes in MABP or to the Paco2 level.
CSv02 and CBF. In all infants, CSv02 ranged from 0.30 to 0.80 (mean 0.61), whereas CBF averaged 19.9 mL/100 g/min (range 5.1-60.5). CSv02 as well as CBF were higher in the asphyxiated, term infants compared with preterm infants with respiratory distress (Table I) . CSv02 was not related to the level of Paco2 or Pao2. OE, COD, and CMR02. OE, calculated as the product of blood Hb concentration and difference between Sa02 and CSv02, was significantly higher in preterm infants than in asphyxiated, term infants (Table 1) . Despite interindividual variation, CSv02 was curvilinearly related to COD, with a high slope at low COD levels and a plateau at higher levels (Fig. 2) . Similarly, an apparent linear relationship was observed between OE and l/CBF (P < 0.001), where the slope (OE x CBF) represents CMR02 (Fig. 3) . CMR02 was identical between the two groups (Table 1) .
Case study. Low CBF, low OE, and hence a very low CMRO2 were demonstrated in a term infant with presumed prenatal asphyxia. This infant had an isoelectric EEG, and he died on the 3rd d of life. Extensive cerebral cystic degeneration, which could be dated to 3-4 wk before delivery, was demonstrated at autopsy, thus explaining the discrepancy between a high CSv02 and a low CBF.
DISCUSSION
The increase in CBV during a head-down tilt was significant in the majority of infants allowing calculation of CSv02. We 
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